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STOL/VTOL FREE WING AIRCRAFT WITH ARTICULATED TAIL BOOM 



Technical Field 

The present invention relates generally to short 
field and vertical take-off and landing (STOL/VSTOL) 
aircraft and, more particularly, to a STOL/VTOL aircraft 
5 having a fuselage with a tail rudder section which is 

articulated, relative to the fuselage, for movement out 
of the thrust line of a propulsion system for use in 
transitioning between STOL and straight and level 
flight. 

10 Background Art 

Referring to Figure 1, there is depicted a STOL/VTOL 
free wing aircraft 10 of the invention disclosed in U.S. 
patent application Serial No. 07/850,913, filed 13 March 
1992, entitled, "VTOL Free Wing Aircraft," and 

15 incorporated herein by reference, which comprises a 

fuselage 12, a tail section 14 and a free wing 16 with a 
propulsion system including an engine 18 at the forward 
end of the fuselage for driving a propeller 20. As used 
in this present specification, a free wing or "freewing" 

20 is a wing attached to an aircraft fuselage in a manner 

such that the wing is freely pivotable about 
its spanwise axis forward of its 

aerodynamic center. This arrangement 
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induced by changes in U /• P ' ln "rvention. 

the wing eea the aircraft ° f between 

»ing presents , substantial! e ™ t ^ '° "" ! 

the relative wind which in „ ' ^ °* """" " 

-e aircraft to be e^^l^ ~»~ 

i t s a^r^r^yir-" ot piv °< *« 

-ree „in g M lncludes t^T"*™* ««• 

emending fro. opposite ^ £ and l 6 b 

are coupled to g ether to collective^ 7 r , " ""^ 

"in 22. The left a „n = " Velv free1 ' Pivot about 

adjustable in pitc b relTleT "'^ ~* * 

in the aforesaid wZHZ, tTST " 1^°^ 
which is incorporated by reference h d "= 1 »"« of 

further includes rudders " Td , 10 

■tanner for yaw „d pitch control „ conventional 
"hile a si„ g le p^ll, for to ^'^y- "»»her. 
"^traced at L r^re , t^u o^ 

t: nrr ::t~" ™ ■ - 

Present specification, the te» *" tUs 

system „eans the s>„. , '"° n P r °P»ision 

the necessary thru f™ ^ 
"i 9 ht operations and is £ ^"y ^ 
«i» g le thrust producing systeo " s '° 3 

Propeller, but could include 1^ ^ ' 
systems such as a pair of . Producing 

P-PeUers. provided U tl ~ ^sT T"" 
systems are used for „ -, - thrust producing 

and horisontal'/glrX 1 : 1 " 9 ^ " ^ — 
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The operation of the VTOL free wing aircraft 10 is 
as follows. At launch, the aircraft 10 is mounted in a 
vertical orientation such as depicted in Figure 1, on a 
rail system schematically depicted at 60. Rail system 60 
5 may comprise simply a guide or a track with complementary 

guide or track following members on the aircraft 10 for 
guiding the aircraft from vertical movement for a limited 
initial predetermined distance at lift-off. With the 
engine started and propeller backwash providing an air 

10 flow over the wings 16a, 16b, aircraft 10 lifts off of 

launch rail 60. Catapult assists may be provided. Yaw 
and pitch controls are maintained by rudder 24 and 
elevator 26, respectively. Roll control is achieved by 
differential setting of the pitch of the free wings 

15 16a, 16b under pilot or computer control or remote control 

from a remote controller station (not shown) . The air 
flow over wings 16a, 16b provides dynamic forces on the 
wings to control the roll of the aircraft 10 during 
launch. The wings 16a, 16b at launch are freely rotatable 

20 and the dynamic pressure on all. control surfaces as a 

result of backwash from the propulsion system is intended 
to allow roll, pitch and yaw control over the aircraft 10 
during the. initial phases of vertical launch. 

To transition from vertical to horizontal flight, 

25 the pilot, computer or remote controller gives a down 

elevator signal, causing the fuselage to pitch toward a 
horizontal orientation. By pitching the fuselage, the 
thrust vector also inclines from the vertical and thus 
has a horizontal thrust component. As the fuselage 

30 pitches toward the horizontal, the horizontal speed of 

the aircraft increases, causing the freely rotatable wing 
16 to rotate relative to the fuselage in accordance with 
the relative wind.. The effects of the relative -wind 
acting on the freely rotating wing 16a, 16b quickly 

3 5 overcome the effects of the airflow over the wings from 

the propulsion system and, with increasing horizontal 
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speed. th e wing develops 

transitions into horizontal f light Tn aT"^ " ^ 
mode. "ignt m a free wing flight 

Should the aircraft 10 i n =« 
5 vertical flig ht, the L\rZ t^ f ^ " 

automatically transition into a h • r3PidIy and 

with minimum altitude loss „ h h ° ri2 ° ntal fli ^t mode 
-ing 16 weathervanes into the ^ " l0St ' f «* 

would appear to the wing to * „ ^ ^ 

" -m the ground, and thu S t^TV^ * ~* 

o-entation while the fuselage will L 9 ^ ^ 

relative wind by ^ 9 th e rud ""","" ^ ^ 

Because the free winas 3nd eleva tors. 

airfoils, the aircraft win" 
15 into stable level flight transiti °» itself 

During horizontal flioht 
control are provided by the ',: i PitCh ' ^ aad ro11 
differentially pivoted wings La 7'°" ' and 
o oe provided on wing 16 if ^ 

~ ^ .iven JTota^ther/ 5 ' " * 
a vertical orientation with ir fus *lage toward 

Horizontal speed is thus decrea^ UpWardlv - 

vector is introduced. Accord^ i " thrust 

changes and the free wing and f / ^ 

rotate into a vertical L , Ultimat ^V both 

waists slow ing and does not T" " a ™ 

horizontal speed sufficiently the , ^ tmmx * ° r 

of the elevator, could be rotated ^ 

the thrust line serves as a th S ° tha * 

^rcraft past stall . ^terna^l"" 

Prior co-pending ap P l icatHoT1 c . Y ' the m echanism of 

«r=raf t .. che disclo J r ™ h . ™ e "ins 

reference herein in it . entir _ tv " ""crated by 

ntlrety. may be utillMd _ ^ 
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is, the wing could be locked to the fuselage before 
rotating the fuselage up.- By stalling the aircraft and, 
hence, achieving a* reduction to zero forward horizontal 
air speed, . followed by release to the free wing state 
5 upon stalling, the aircraft may be positioned in the 

vertical orientation. A further alternative to reduce 
horizontal speed while transitioning from horizontal to 
vertical flight is. to provide wing devices such as 
spoilers or elevators at the trailing edge of the wing. 

10 Still further, a canard could be' located in the nose of 

the fuselage to provide leverage to the fuselage to 
transition to the vertical. A canard, of course, could 
be recessed within the nose of the aircraft and displaced 
outwardly of the aircraft at the time of the transition 

15 to leverage the fuselage upwardly. The canard, of 

course, in any event could be a free wing or fixed. Once 
vertical or near vertical flight is achieved, the pitch, 
roll and yaw commands again control the position of the 
aircraft to a location directly over a net 66. When 

20 located over the net, the engine is turned off and the 

aircraft drops into the net. 

Since the tail section is fixed to the fuselage and 
thereby immovable relative to the longitudinal axis and 
the thrust axis of the fuselage, relatively sophisticated 

25 launch (take-off) and recovery (landing) systems are 

necessary, such as the launch rail system 60 mentioned 
above for take-off, and netted recovery systems to land 
the VTOL aircraft 10 such as depicted in Figure 6 of the 
prior application, said drawing figure and related 

3 0 written description being incorporated by reference 

herein in its entirety. In the alternative, extremely 
long and complex landing gear extending downwardly below 
the tail section 14 in the vertical flight mode of Figure 
1 would be necessary for STOL and VTOL operations. This 

35 type of landing gear (e.g., a so-called moon rocket 
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landing gear) would be exi^-m i 

- ». -1, „ substan ^ ~ - 

It is accordingly one object of 'k 
invention to provide af™ the P res ent 

and short take-off a „d ill?"* ' ^ Verti «l 

and which does not ^2^^ 
systems. external launch and recovery 

Another obiect i q 
'irc„ £t having t ^s ° T * SK>t/V ™' «** 

— e horizon£al ~Lrr a C "f^ «* 
control surfaces locaced « « « least £l ight 

A free wing aircraft- 
invention, comprises 1^™" * ^ ~«t 
Propulsion for propelli^ A lnclud ^g « source Qf 
fl^ht and in a L« fle Td t t 

flight mo de. A free ta ^-off and landing (s T OL) 

20 ^r free pivotal m ove me ;r rel S at COnneCted C ° <*■ ^lage 

a spanwise axis extend^ * ^ ^ ab °ut 

-nter of the wing Hai™" °' a ~° d ^mic 
Pelage. The tail boom U *~ * *° ^ 

s-faces and vertical til h ° rizo ^al tail 

directional stability and SUrfaC6S t0 Pr ° Vide 'or 
Provi ded for relatively ro Jtt C ° ntr01 - * " 
tail ooo. about ^ralr" 6 ^ 1 ^^^- 
Parallel to or coincident with the r ° tati ° n 
The relatively rotatin SPaiWiSe 

30 -e thrust\;;rof\; e e trr is operabie to 

approaching, or of/ 9QO J** fuse lage into an angle 
of the tail boom to enable t H V \ t0 " l0ngitUdin al axis 
system to propel the aircraft .n :;:^??:.^ 151 - 

In accordance with one I fUght mode - 

forward portions of the b ° f ^ 

the boom are connected to the 
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fuselage and the tail surfaces are located at the 
rearwardly extending portions of the boom. In this 
manner, the tail :..surf aces are positioned out of the 
propulsion slip stream in STOL flight mode and provide 
5 for directional stability and yaw control as a result of 

relative wind induced dynamic pressure acting on the. tail 
surfaces under low horizontal flight component speeds. 

In accordance with another, embodiment of . this 
invention, the tail surfaces may be immovable relative to 
10 the tail boom. 

The aircraft may further comprise landing wheels 
connected to the fuselage to project therebelow in the 
tilted up or STOL orientation of the fuselage relative to 
the tail boom. 

15 The aircraft further comprises left and right fixed 

wing center or root sections fixedly attached to the 
fuselage. The free wing preferably includes left and 
right free wing members'" respectively extending from the 
left and right fixed wing center sections and which are 

20 freely rotatable relative thereto. 

In accordance with a further aspect of this 
invention, means is provided for selectively controllably 
rotating at least one of the left and right free wings 
relative to the other of said wings for roll control 

25 without impeding the pivotal movement thereof. 

In accordance with yet a further aspect of this 
invention, . a free wing support tube means extends 
transversely through the fuselage and fixed wing sections 
along the spanwise axis and into the left and right free 

30 wings to define a support system therefor on the 

fuselage. The free wing support tube means may be a 
single tube supported in the fuselage and/or the fixed 
wing sections on bearings to allow for free pivotal 
movement of the free wings as a result of rotation of the 

35 tube about its longitudinal axis caused, by relative wind 

acting on the free wing - surf aces . In an alternative 
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embodiment, a pair of tubes mav 

^ft and right free ^ -Actively extend f rom 
fixed wing center ™° the left and ri ght 

connection to , means ^ the Pelage f or 

rotating at least one of the Z\ 1^ C ° ntroll ^y 
"lative to the other of said *" ^ free 
without i mp edi ng the free pI^T""" COntro1 

tail boom preferablv m ° Vement there ° f - 
-tending transversely th " H * Cr ° SS 

wing center sections Z t T «*- 
-tatable about its longitudinal T U 
—ted within the f J U *™ «*. via bearings 
sections. A pair 96 °r f 1Xed wing 

Cached to opposite ends of I "^"ively 
rearwardly therefrom, and the tail Cr ° SS tUb " Pr ° ject 
diStal «* these boom member ^ " 

b G r crr^l —ion, the 

Portion of the fuselage in « IT^ 3 — 

^e free wing axis of ro JtTon Y to 
b °° m membe - ^so extend forwa r dl ° f ^ tail 

tube, and two J£T«?y om the tail **» 

respectively mounted to the tai K ^ Wheels are 
-Paced relationship. At ' ^ ^ men *>*rs in tandem 
^eels are mounted to the fo Z ^ ^ ^ ° f Ending 

*«- * s -bie Plater: :;:; e rd gr y ex r din9 porti ° ns - 

—aft to resist yawing or ^° " hich tables the 
-der cross wind conditions -stability 

A method of controllino an 
and generally vertical fl lght m T""^ ^ ^"-tal 
method comprises the steps 7 *' alSO Closed, 
t^ lon gitudinal axig o r e P fus f r leCtiVel ^-itioning 
ln 3 —any vertical ^-lage and the thrust l ine 

a^s of the tail surfaces Whlle the lon gitudinal 

-t of the path of movement of r nerally ^"-tally, 
STOL or VTOIi flight . Whe n e fus^ T^' 

fuselage lon gitudinal axis 
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is rotated to be coincident with the longitudinal axis of 
the tail surfaces, the aircraft is capable of normal 
straight and level; flight at conventional horizontal air 
speeds . 

Still other objects and advantages of the present 
invention will become readily apparent to those skilled 
in this art from the following detailed description, 
wherein only the- preferred. embodiments of the invention 
are shown and described, simply by way of illustration of 
the best mode contemplated of carrying out the invention. 
As will be realized, the invention is capable of other 
and different embodiments, and its several details are 
capable of modifications in various obvious respects, all 
without departing from the invention. Accordingly, the 
15 drawing and description are to be regarded as 

illustrative in nature, and not as restrictive. 
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Brief Description of Drawing s 

Figure 1 is a perspective view of the VIOL free wing 
aircraft disclosed in the prior application, depicted in 
a vertical flight orientation; 

Figure 2 is a top plan view of an aircraft according 
to one embodiment of the present invention in a straight 
and level mode of flight; 

Figure 3 is a side elevational view of the aircraft 
25 of Figure 2 in the straight and level flight mode; 

Figure 4 is a perspective view of the aircraft in 
the straight and level flight modes of Figures 2 and 3; 

Figure 5 is a front elevational view of the aircraft 
of Figures 2-4; 

30 Figure 6 is a top plan view of the aircraft of 

Figures 2-5, wherein the fuselage is in the tilted up or 
VIOL/STOL orientation; 

Figure 7 is a side plan view of the aircraft in the 
VIOL/STOL orientation of Figure 6; 
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Figure 10 obscured, 9 9e " 1,V5 of 

™/ tel irr v t ° «- »" 

center sections- -« iag e and f ijted 

wing 

-th a si„ 3l e ooo„ iDst r a To1 spatT *™ - 

«^re u is a perspect ive T" , 
e»bodi„«nt of a VJOL/STOi, free „L " *" * d 
accordance with • g air craft i n 

• — UP r L ~ t tr in9 the — - 

aepJeTi; eleVati ° na1 ' - 

Figure 15 is a 

depxeted in Figures 13 and 14 • 6 aircr *f * 

Figure i 6 i s a side elevational 

deputed in Figures i 2 - 15 but with ^ <* «*• ««c»f t 

straight and level fliaht- „ fuselage in a 

boom assembly; and t0 ^ tail 

Figure 17 is a front 

Figure 16. f the aircraft of 
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Best Mode fo r Carrying out the Invention 

Figures 2-11 constitute an illustration of one 
embodiment of a free wing aircraft 100 according to the 
present invention which is capable of short field take- 
offs and landings (STOL) and straight and level flight 
and, with some minor modifications discussed below, 
vertical take-offs and landings (VTOL) as well. The free 
wing aircraft 100 comprises a fuselage 102 containing a 
propulsion system 104 including an engine 106 at the 
forward end of the fuselage rotating a propeller 108. A 
free wing 110 is connected to the fuselage 102 and is 
free to rotate or pivot about its spanwise axis 112 
located forward of its aerodynamic center. The free wing 
110 includes left and right wings 114 and 116 extending 
15 from a fixed wing root or center section 117 formed on 

opposite sides of the fuselage 102 and which left and 
right wings are coupled together in the unique manner 
described below to collectively freely pivot about the 
spanwise axis 112. The left an d right wings 114,116 may 
]pe__a gjusta±)le in pitch re lative to one a nothe r ^ th e 
manner described in the aforesaid ' 913 patent 
application, or may be formed with elevons (not shown) to 
provide for elevator and aileron control.. The aircraft 
100 further comprises a tail section 118 which, In 
25 accordance with a unique feature of the present 

invention, is mounted to a boom assembly 120 pivotally 
c onnected or articulated to the fuselage 102 for movem ent 
relative to^the fuselage bot h int ojmd out of alignment 
with Jihe^thrust line T o% the propulsion system" 104 "tcT 
30 enable STOL/VTOL operations as well as straight and level 

flight. 

More specifically, with particular reference to 
Figures 2, 9, 10 and 10A, the fixed wing center section 
117 of the fuselage 102 comprises left and right hand 
35 fixed wing root portions 122 and 124 which are rigidly 

and non-rotatably attached to the fuselage sides for 
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rotation with the fuselage ralat- ■ 

This spanwise axis li ^ T '° ^ SP3nWiSe 3X13 
1" (Figures 10 and 10A , w "ich * " ^ tUbe 

through the fuselage ' 102 and ,u trM — «ly 

sections i 22(124 in g the wing center 

aircraft longitudinal axis ThT P6rpendicula - *, the 
130 of this outer tube *£ fi ° PPOBlte ° Uter «*• 128 
Preferably be flush with, the iL^ at < or 

122a and l 24 a of the f ixed Wlna * ^ Side 

for rigid connection ( e 0 Prions l 22/124 

forward ends i 32 of a pair of a ttachment) to the 

10) of boom assembly i 20 project^ ^ 
The rear end 13S (Fig Jes ^ ^ ^ "hardly therefrom, 
supports the horizontal and ^ ° f MCh b °° m 134 

138 and 140 of the tail sect^ 1 " 1 Stabilizin 3 "embers 
more fully below . The _ *° n 118 Which are described 
forwardmost end of tail boom defines the 

Pi-t axis therefor 1^ ,™" "° ^ a * the 
axis 1M in this embod . ment co ^ident with spanwise 

The freewing us i s 
through a connecting tube 14 2 TTf * 102 
H2 and extends coaxial th ** < * anW±8e 
««■ Connecting tube x / is ^ ^ h ^ «oss tube 
about the spanwise axis U 2 and ^ r ° tatable °* 126 
^ich respectively p roj ect outwa^f "* 
center sections i 22 , 124 ^ ^ th. fixed wing 
wxngs H4, ais to define th. ^ right f ^e 

«ing assembly 110 for co-roL^*"" 1 "" ° f the 

^ngs. Thereforg/ it ™ , of the left and right 
wings li 4 , 116 are CQupled J^^h. left and right 
by. the inner tube i 42 extJL 9 ' and su PPorted 

»« through the f ixed Xg ce nT ^ ^ tUbe 
collectively fre el y P ivo/ ^T^™ to 

-dependent of the attitude of the f us ^ 112 

wm g sections. fuselage io 2 and fixed 
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In the alternative, the single tube 142 connecting 
free wings 114,116 to the fuselage 102 may be substituted 
with left and right tubes (not shown) which may be 
connected together within the fuselage 102 to a wing 
5 pitch adjustment mechanism for adjusting the pitch of the 

left and right wings 114,116 relative to one another. 
Such a mechanism is depicted in Figure 4 . of the co- 
pending '913 application, incorporated by reference 
herein in its entirety. As will now occur to one of 
10 ordinary skill in the art, such left and right dnner tube 

members -may be connected to a wing pitch adjustment 
mechanism such as by forming the outer tube 126 into two 
separate sections (not shown) , respectively attached to 
the booms 134, to provide clearance for the pitch 
15 adjustment mechanism between these outer tube sections. 

An exemplary mechanism for pivoting the articulated 
tail boom assembly 120 relative to the fuselage 102 is 
best depicted in Figures 10 and 10A. Therein, a fixed 
worm gear 150 having the spanwise axis 112 as its axis of 
rotation is mounted to the cross tube .126 of the boom 
assembly 120 for meshing engagement with a' second worm 
gear 152 which may have an axis of rotation extending 
parallel to the longitudinal axis of the fuselage 102. 
This second gear 152 may be driven by a motor means M 
25 controlled by the pilot to selectively rotate the cross 

tube 126 and thereby the boom assembly 120 via rotation 
of the driven gear 150. 

In the alternative, the worm gearing arrangement 
150,152 may be replaced with a bevel gearing arrangement 
3 0 or a rack and pinion arrangement, wherein the pinion gear 

is mounted to the boom cross tube 126 and the rack is 
mounted within the fuselage 102 for longitudinal 
translation to rotate the pinion and thereby the boom 
assembly 120. 

35 In yet another alternative arrangement, 

schematically depicted in Figure 11, a pair of threaded 
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threaded contact with " " 102 

— rod. 1M h 4^ f al r ea r couars " 2 - 

right fixed wing sections ' """" le£t 

opposite ends thereof. These sc / Sh °™ ) " 

•bout their iongitndinai LTm " 2 

he apparent to one o , " " hich wil1 "<>« 

lo» g it„di„an ytranslat ; f ch ;^7/""l - as to 

their respective rods. A u^Z t ""^ " 2 
pivotally mounted to the „„ ° 9 op P° sl te ends 

«- "4 transmits l^ZZT ^ "* - b °°» 
P-t the hoc. assej; it^sT" 5 " C ° U " S » 

«• the ease of sim^ p^I" 1 ^ »«• 
«-r in which the afore^U"^" 118 " " 
-X he mounted within the fuseiage 10 2 and/ "r^" 
r ° 0t ""ions 1J2 , 124 to pivot 9 a e „ 102 a " d/ » wing 
«e««hly 120 to the fuseLge ™\ th « hoom 

considered obvious to one of .T """"^ bUt *" 

hssed upon the disclosure ' her.^ ^ « 

The operation of the stot * " 
this invention wiu m be aescriled"^ 10 ° ° f 

With reference to Figures 2 c -u 
1S , d ™ *» -aight ar^'/^f-"^ «o 
P*lot or remote control aircraft Assuming the 

aircraft 100 in a stow to 
taring 150 , 152 (or th ° L f f Win 3 f ^t mode, the 
actuated to rotate the bn emb °diments) is 

spanwise axis lia along Cr ° SS ^ "6 on the 

wing support ^ 7 ^ 142 (defining ^ 

Erection of arrow A depicted in £ COUnter - cl °^ise 
-tuaXi ty> as the hoom is ZZI^ " ^ * ' * 
maintained in its horizontal or ^ '• u «*entially 

^e of Pigures 3 and /l: r ;r/ ndieveifii9ht 

-tin, on its horizontal control surf al ^s 

es 138 a s a result 
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of the straight and level direction of flight, and it is 
the fuselage 102 and the thrust line.T of the propulsion 
system 104 which essentially rotates towards a vertical 
orientation with its ' nose pointed upwardly as best 
5 depicted in Figures 6-9. As the fuselage 102 and the 

thrust line T rotate towards the vertical, horizontal 
speed is gradually decreased and the vertical thrust 
vector gradually, increases. The aircraft 100 thus silows 
and may be gradually lowered to the ground or otherwise 
10- flown (in level flight or climb) in this position. 

Throughout this transition, the free wings 114, 116 
continue to be independently responsive to changes in the 
relative wind to either continue to provide lift assuming 
sufficient horizontal speed, or to "feather" as the 
15 vertical thrust vector increases to provide sufficient 

thrust control. At no time during the transition does 
the aircraft stall as a result of pivotal movement of the 
articulated tail boom assembly 120 in the unique manner 
described herein. 
20 The feature of swinging or pivoting the entire boom 

assembly 120 and tail section 118' out of straight and* 
level alignment with the fuselage 102 and the thrust line 
T of propulsion system 104 thereon advantageously results 
in an aircraft 100 capable of taking off and landing in 
25 ' slow flight or STOL mode while retaining the advantages 
of free wing flight as well as the following additional 
advantages. First, by locating the tail surfaces 13 8,140 
on an articulated boom 12 0 in the aforesaid manner, a 
relatively short landing gear 160 attached to the 
30 fuselage 1.02 and fixed wing center sections 122,124 (see 

Figures 9 and 10A) may be utilized since the fuselage 
length is short (e.g., less than 50%) in relation to the 
overall length of the aircraft 100 as measured in the 
straight and level normal flight mode of Figures 2-5. 
35 This arrangement also lends itself to the utilization of 

a retractable nose gear assembly (not shown) attached to 
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the fuselage 102. Secondly h v i 

rudder surfaces 138,140 at J* « ^ ^ ^ *"* 

»0. these tail s ^ f ° f «» >~ 

fron, the combined center of' ' CantUevered 

10a.U2.024 and wing 110 ^ ^ 

stability and yaw contro! * • reSUU ' directi °nal 

-rental or ~ * 

Since the tail surfaces 13 a 
any dynamic pressure effects ca U sed by £ ~ ^ t0 
propeller 108 when in the ST0L « , 1P Str6am ° f 

«. it will be appreciated tn a t I ° f PigUreS 6 " 

yaw control ££^^ t ^^ 

horizontal speeds as will eXtreme ^ -1« or o 

^ s as Wll l occur durina wm e t • u 
opposed to STOL flight Thp f • J 9 L fllght as 

dynamic pressure actinr, m P Cream and th * 

^"Vr^Z^jT*- ^ Pr ° Vide S ° me 
stability and control 2 be 7 , ^ " *T 

«- i 62 (an exemplary - - with additional 

Figure xoa, which may p roject ^nly in 

° r f «ed wing sections i 22 '//^ from Pelage 102 
surfaces for improved stability L additi °» a l 
occur to one of ordinary .WU hT^ ' *" ^ ^ 

continuously project Z om ,u' flnS 162 ^her 

actions, £ 111^^ " ^ 

Project from the fuselage Tn d h t0 
during VTOL flight. 6 °P erat i°nal only 

The fixed wing root or centPr 
horizontal fl ight mode depicted in P ^ X22 ^' 
a * a wing by generating lift in a ^ 
and right free wing sections / T ^ ^ 

120 is -.raised." these fixed win' ^ b °° m 

advantageously act as an a T ' eCtloM 122 ' i24 

- Figure, pLitionT tTr ^ y^^ ^ 
100 to slow flight.. ^celerate the aircraft 
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Specifications for an exemplary aircraft 100 
according to this embodiment of the present invention for 
carrying a single passenger (pilot) are as follows: 

Tail and booms 120 swing 0 to lOOdeg., 
5 Nosegear 160 retracts aft 

Elevons on freewing 114,116 

All fuel( 35 lb) in fixed wing 122,124 

Gross weight = 220 lb. 

Engine rot ax 532 approx. 50 BHP 
10 Span = 166 in..= 13.8 ft. 

Area, freewings 114,116 = 14.7 sq. ft. 

Area, fixed wings 122,124 = 7.48 sq. ft. 

Reference Area Sr = 25.3 sq. ft. 

Area horiz. tail 138 = 4.45 sq. ft. 
15 Area vert, tails 140 = 3.4 sq. ft. 

Wetted area = 89 sq. ft. approx. - . ^ 

Figures 7 and 9 schematically best depict the 
tricycle landing gear arrangement 160 which may be 
utilized with the aircraft 100 of this invention. 

20 Therein, the nose wheel 170 may be fixed to the lower end 

of a retractable (or t elescopical ly 
extensible/collapsible) strut 172 attached to the 
underside of fuselage 102. The strut 172 is depicted in 
extended position in Figure 7 wherein the fuselage 102 is 

25 depicted in tilt body position for STOL flight mode. A 

pair of main landing gear wheels 174 are secured to 
outboard trailing sections of the fixed .wing center 
sections 122,124 to provide three point stability in 
cooperation with the nose wheel 170. 

30 Optionally, the retractable strut 172 carrying the 

nose wheel 170 may be pivotally mounted to the fuselage 
102, as can be the main landing gear wheels 174, for 
positioning to enable take-off and landing in a 
conventional straight and level flight mode. Details as 

35 to the mounting of the tricycle gear type landing wheels 

according to the alternative embodiments mentioned above 
will be obvious to one of ordinary skill based upon this 
specification . 

To transition from vertical (take-off or flight) to 

4 0 horizontal flight, the reverse procedure is used. That 
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is, the pilot or remote controller actuate, m, 

aircraft ioo is taking of£ Z ' ASSUm " 9 thac 

or pXatfor™. „ the ^ ° landin9 
direction opposite arrow A the f , l0 " ered in th « 
tower, toe horisonta! whicat ^ ^n," *«- 
speed of the aircraft to incre... I horizontal 
toe freely rocatahle ^ " Z^rlT "™" 
fuselage 102 in eccordence with th! , 

e«ect S of the relaciv ; : : d h tt" ative : ind - The 

rotate wing M wckl? ovencoV lULo ^ 
the air flow over the fi**H , ■ ln9 effe cts of 

r - oropnisiorre;^^:!::^ 122 - 124 

"tn a sin 9le boos, 164 ^ T-f 

•«M«' , r . ^ unted " hiCh Ch » tarl surfaces 

.^iSSntal tail 13a . be -*«U«nt. _the 

^So-tKe vertical tail \\ ™ " ^ 
aU-flying rudder, relative to th7h " « 

yew control. „ owever J th= ^ « Provide fon 

configuration l2 o is that tn °' SPUt 

located outwardly ,or outL! T SU " aCeS " 8 -"° »" 

=w am. ao thaV:;:: ctv: seia9e io2 ' - 

these tail surfaces i. . * c °»dltrons acting on 

horizontal or forwa", spee ™' " ^» 

In the STOL/VTOL or tilted 

depicted in P igure 7 , there ^ -figuration 

Pelage io 2 to p ivot or rotat£ f ~ tha 

axis as a result of . • iongitudinal 

a cross w lnd acting upon the t . u 
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vertical surfaces 140 during either take-off or landing. 
Disadvantageously , this is primarily due to the moment 
arm generated by the .cross wind acting on the tail 
vertical surfaces 140 at the cantilevered rear end 118 of 
5 the boom assembly 120 which is not counteracted by the 

tricycle landing gear ■ due to the relatively close 
horizontal positioning of the nose wheel' 170 to the main 
landing gear wheels 174. 

To overcome the potentially inherent stability of 

10 the Figure 2 embodiment of aircraft 100 under cross wind 

conditions, the preferred embodiment of this invention is 
depicted in Figures 13-17, wherein an aircraft 200 
features a landing gear arrangement having two pairs of 
landing wheels 202 and 204 mounted in tandem to each 

15 other to forward portions of a boom assembly 220 

projecting forwardly from or proximate to a boom cross 
tube 226 mounted within the fuselage 227. More 
specifically, the cross tube 226 may be mounted in 
bearings (not shown) to extend transversely through the 

20 fuselage 227 and fixed wing center sections 222 and 224 

and may be rotatable about its longitudinal axis 229 
(extending transversely to the fuselage longitudinal 
axis) , by means of one of the various types of pilot or 
remote operator controlled gearing arrangements similar 

25 or identical to those described hereinabove in connection 

with the Figure 2 embodiment, to' thereby swing the boom 
220 (or tilt the thrust axis T) relative to the fuselage 
227 as described hereinabove. Preferably, with reference 
to Figure 14 only for simplicity of illustration, the 

30 boom axis of rotation (defining the pivot axis for 

fuselage 22 7 between STOL and straight and level flight 
modes) extends through a rear portion of the fuselage so 
that the rearward most end of the fuselage' remains 
elevationally above the wheels 202, 204 even when tilted 

35 to its vertical most orientation: This means that a 

mechanism for inducing relative rotation between fuselage 
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227 and boom assembly 220 preferabl 

forward portion of the fusel rably acts against a 

P-tion from the st - ^P-h up- the forward 

the tilted up or STOL/VTOL DOfi > P ° Siti ° n t0 

preferred mechanism 

similar t ° Figure 14 • A 

screw rod arrangement of Figu ° re * Co11 - -d 

hanged struts 250 pivotallv / fe atures a pair of 

2S 2 to the underside S^""^ " ^ ^ — 
-ds pivotally attached la J e 22 7 with the lower strut 
respectively threadedly secured ! ^ C ° llarS 254 ' 
256 - By way of example ^ ? 3 *«* ° f «~ 
runted to or within portion.' , ^ " 6 * 
hardly from boom «* booms .34 extending 

translating movement of the cm/ ^ lon ^ itu dinal 

— rods in a manner ^o^'^ ° f ^ 

rods ifio in the Figure u Jl T r ° tation of screw 
"ruts 250 are operable to XTT^ ** ^ man »"' 
**• 22 6 as the screw ^S^T^ ^ *»» 
-liars 254 in the ttmm £'!" tmtm to ad ^ce threaded 
Pelage in the tnte UQ ^ t0 P ° siti °* the 
Conversely, reverse rotation ^ fli * ht mod - 

rearward movement of collars oL 256 Cause = 

2S0 and thereby lower fuselage 227 7T 
Position. ge 227 to the Figure i 6 

^^^0^'^^ ^«««:. transitioning 
« ^gure X4 and straight ^ ^ ^ &S ^"-d 
^P-ted in Figure 16 aero d C ° nfi ^tion as 

— r described ^J^^^ °"urs in the 
Figure 3 embodiment. connection with the 

sections 222,224 with a cross Z H W±n * Cent er 

at a location sple T 
mounting of the boom fro *" 
227 (see, e.g., Figure tUDe 2 26 to the fuselage 

204 of landing 
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wheels are respectively mounted to the booms 234 
proximate the boom cross tube 226 while the front pair 
202 of landing wheels are respectively mounted to 
portions 234a of the booms 234 projecting forwardly from 

5 the cross tube. In this manner, the resulting landing 

gear provides for improved cross wind take-off 
performance due to the« resistance provided by this four 
landing wheel configuration to yawing movement of * the 
tilted up fuselage 227 about its longitudinal axis. This 

.0 arrangement also advantageously allows the boom assembly 

220 and the horizontal tail surfaces 238 to be lowered 
closer to the elevational plane of the wing (contrast 
Figure 17 with Figure S) in the straight and level flight 
mode. This results in improved flight performance since 

.5 the horizontal tail surfaces tend to be less affected by 

down wash from the f reewing- 110-, - i . e ... less subjected to 
turbulence. Also, by positioning the boom assembly 220 
close to and parallel to the ground results in lowering 
of the tail surfaces 240 to prevent toppling over of the 

0 aircraft during ground handling under high wind 

conditions. 

It will be readily seen by one of ordinary skill in 
the art that the present invention fulfills all of the 
objects set forth above. After reading the foregoing 

5 specification, one of ordinary skill will be able to 

effect various changes, substitutions of equivalents and 
various other aspects of the invention as broadly 
disclosed herein. It is therefore intended that the 
protection granted hereon be limited only by the 

0 definition contained in the appended claims and 

equivalents thereof . 
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1. Aircraft, comprising. • 

: source of ™™ 

s^ort field take-oTand ? * h °" 2 °"" 1 and ia . 

»■ > free win" 9 ' ST ° U fU *' 

«— being for»ed „ ith holl^ 

vertical tail surfaces r " ontal c «l surfaces and 

* - - h ^:r;rri::. £U8elase — - 

about said spa„„ ise ^J™""* ° £ «" *«e 
extending parallel to or col T ™ ""^ ° £ piv<,t 
«is.. ° r c °««1snt.,with the spanwise 

is ^^*Tzz\:*:£ i ^: i ?° i " said 

J«o an .n 9 le arching ^ ™ °' ^ f »"^e 
longitudinal axis of the tail k relative to a 

of the P ro P ulsio„ sysce „ <f ^ » -*U the thrust 
STOL flig ht „ ode pr °P el the arrcraft in the 

3 - The aircraft of clm„ , 

portions of the boom are o™ "herein forward 

»il surfaces are locat.d" r '° " « 

Prions of the hoc. «j£ * Ending 

Positioned out of the o™ , . surfaces are 

"ight TO de end p ro « d Z T"" " "» S ™ 

control as , f «*Ut«y and yaw 

Pressure acting on the t.,7 7* " lnd iMuo " i ""—ic 
"oritontal f light — the action of 
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4. The aircraft of claim 1, wherein all the tail 
surfaces are immovable relative to the tail boom. 

5. The aircraft of claim 1, further comprising 
landing wheels connected to the fuselage to project 
therebelow in the tilted up or STOL configuration of the 
fuselage relative to the tail boom. 

6. The aircraft of claim 1, further comprising left 
and right fixed -wing center or root sections fixedly 
attached to the fuselage, and wherein said free wing 
includes left and right free wing members . respectively 
extending from the left and right fixed wing center 
sections and being freely rotatable relative thereto. 

7. The aircraft of claim 6, further comprising 
means for selectively controllably pivoting at least one 
of the left and right free wings relative to the other of 
said wings to adjust pitch for roll control without 
impeding the free pivotal movement thereof . 

8. The aircraft of claim 6, further comprising a 
free wing support tube means for extending .transversely 
through the fuselage and fixed wing sections along the 
spanwise axis and into the left and right free wings to 
define a support therefor on the fuselage. 

9. The aircraft of claim 8, wherein said free wing 
support tube means is a tube supported in at least one of 
the fuselage and fixed wing sections with bearings to 
allow for free pivotal movement of the free wings as a 
result of relative wind induced free rotation of the tube 
about its longitudinal- axis. 

10. The aircraft of claim 8, wherein said free wing 
support tube means includes a pair of tubes respectively 
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™ f he lefc and right free inco 

left and right fired wing center sections, and further 
"muring .neans for selectively concrollably pivoting at 
least one of the left and right free wings relative to 
the other of said wi„g s . for roll 

rxrorr: 1 ~ * — 

11. The aircraft of claim 8. wherein said tail boom 
nc ludes a cross tube extending transvers£ly ^ 

the f pelage and fixed wing center sections and is 
rotatable about its longitudinal axis via bearings 

c™ 1SaSt ^ ° f f — - «J w ng 

center sections, and a Da i r ^ - < ■> L 

d pair of tail boom memhprc 
respectively attached to opposite ends of the cross TZ 

fomed at distal ends of the tail boom meters. 

_ 12. The aircraft of cl,i„ u . uher6in sala 
»,ng support tube „e.ns extends coaxially through the 
tarl bo„„ cross tube and is free ly relatively rotated 
with respect thereto so that bo^ <=>,= le 
rotaMnn „ • b ° th share a common axis of 

rotation coincident with the spanwise axis, 

boo " ' ^ 3irCraft ° f Claim 11 ' wher *i» ^id tail 
boom cross tube extend* , 

S transversely through a rear 
portion of the fuselage in „dly spaced relation o 
the free wing axis of rotation. 

the tail boot ai K Craft ^ CUim " ' WhSrein ^i°ns of 

cross tub! '«» ^ tail boom 

cross tube, and two pairs of fr^*- 

wheels are respective^ \ landin * 

in tand. reSP * CClVely mounte d to the tail boom members 
m tandem spaced relationship. 
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15. The aircraft: of claim 14, wherein ac least the 
front pair of landing wheels is mounted to the forwardly 
extending portions of the tail bpom members. 

16. - The aircraft of claim 15, wherein said 
mechanism for relatively rotating the fuselage relative 
to the tail boom comprises at least a pair of struts 
pivotally attached to one of the fuselage or fixed wing 
center sections at first ends thereof, said struts being 
pivotally attached to a pair of threaded collars at the 
opposite "ends thereof, and at least a pair of screw rods 
mounted to the tail boom members for respective rotation 
about their longitudinal axes to induce longitudinal 
translating movement of the threaded collars along the 
screw rods and thereby raising and lowering movement of 
the struts to thereby selectively rotate the fuselage 
relative to the tail boom. 

17. The aircraft of claim 16, wherein the points of 
attachment of the struts to at least one of the fuselage 
and fixed wing center sections are located forwardly of 
the tail boom cross tube to allow for upward and downward 
rotational movement of the fuselage nose about the 
fuselage axis of rotation extending through the tail boom 
cross tube . 

18. The aircraft of claim 17, wherein the points of 
attachment of the strut to at least one of the fuselage - 
and fixed wing center sections are located forwardly of 
the spanwise axis. 

19. The aircraft of claim 1, further comprising 
auxiliary flight control surfaces projecting from the 
fuselage and being acted upon by the source of propulsion 
slip stream to provide for directional stability and yaw 
control when the tail boom is rotated relative to the 
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steps Of, 9 " >deS ' c °°P"si=g the 

relative' to £T T' 

• rusexa 9 e in accordance with aerodynamic 
forces acting on the wings and the fuselage; and 

b. relatively pivoting the fuselage so that (i) a 
longitudinal axis thereof i« in . w 

with tail surface. substantial alignment - 

fuselage in Ts rllJ^lT^ ^ 
mode or (2) th . V T V °r horizontal flight 
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Figure 1 
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Figure 6 
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Figure 12 
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Figure 14 




/ / 

202 204 



SUBSTITUTE SHEET (RULE 26) 




SUBSTITUTE SHEET (RULE 26) 



WO 94/16942 



PCT/US94/00590 



17/18 




SUBSTITUTE SHEET (BULB 26) 



WO 94/16942 



PCT/US94/00590 




SUBSTITUTE SHEET (RULE 26) 



